Article abstract-We treated five consecutive patients with multifocal motor neuropathy (MMN) with high-dose intravenous immunoglobulin (IVIg). Four patients had increased levels of anti-asialo-GM, IgM and two of anti-GM, IgM as well; one patient had no reactivity. We treated them twice with 0.4 g/kg IVIg for 5 consecutive days at a 2-month interval, followed by maintenance infusions up to 6 to 12 months. All patients with high anti-asialo-GM, had a consistent clinical improvement starting 3 to 10 days after the first IVIg course; in one patient, recovery was complete and persistent for 12 months without additional treatment, while in three patients, improvement only lasted 20 to 30 days. There was a similar improvement in these patients after the second course of M g which was maintained by periodic 2-day IVIg infusions. Clinical improvement in these patients was associated with a reduction of conduction block in most, but not all, motor nerves, while antibody titers were not consistently modified by treatment. There was no clinical or electrophysiologic improvement in the patient without antiglycolipid activity after 6 months of M g . IVIg may be a safe and effective therapy for MMN.
Multifocal motor neuropathy (MMN) is characterized by a progressive, predominantly distal, asymmetric limb weakness with conduction block (CB) on motor but not sensory nerves.'-1° High levels of serum antibodies to the ganglioside GM, or to asialo-GM,, or both, may be present i n these pat i e n t~, ' -~,~ and in some, improvement was associated with a decrease of anti-GM, levels,2J1 suggesting that the disease may be immune mediated.
Patients with MMN do not usually respond to which may occasionally worsen symptoms (M. Donaghy, unpublished observation), or to plasma e~c h a n g e ,~.~J l but they often improve with high-dose intravenous cyclophosphamide (3 g/m2 in 8 d a y~) .~.~J l This treatment, however, has relevant side effects12J3 and may be unsuitable for the less severely affected patients.
High-dose intravenous immunoglobulin (IVIg) therapy has been reported to be effective in some dysimmune neuropathies, including Guillain-Barre syndromeI4 and chronic inflammatory demyelinating polyneuropathy (CIDP), [15] [16] [17] [18] [19] [20] where improvement was associated with reduction of CB. 21 We treated five patients with MMN with IVIg therapy for 6 to 12 months. All patients were mildly-to-moderately affected and did not receive additional therapies for the first 3 months.
Methods. Patients. Five consecutive patients with MMN
were included in the study. The diagnosis of MMN was made in the presence of clinical and electrophysiologic evidence of an asymmetric motor neuropathy that had been progressive for more than 2 months, without or with only mild sensory loss, with CB (for definition, see below) in two or more motor nerves excluding the usual sites of nerve compre~sion.'-~ Three patients (nos. 2, 3, and 4) had been previously treated with steroids, which had had no effect in two while one (patient 2) had a severe and rapid worsening t h a t almost confined the patient to a wheelchair. Electrodzagnostic studies. Electrodiagnostic studies were performed in all patients under standard conditions before, during, and after treatment. Needle EMG was performed with concentric needle electrode in proximal and distal muscles of the lower and upper extremities. Motor conduction studies were performed in nerves of the upper (right and left median and ulnar) and lower extremities (right and left peroneal and posterior tibial) using surface electrodes. All the patients were proximally stimulated both a t the elbow and at Erb's point. Sensory conduction studies were performed orthodromically in the median and ulnar nerves and antidromically in the sural nerve. CB in motor nerves was defined as a reduction in the ratio of proximal-to-distal compound muscle action potential (CMAP) amplitude to <0.60, when the ratio of the proximal-to-distal negative peak duration was <1. 15.11,222,2'3 Antibody studies. Antiglycolipid (GM,, asialo-GM,, GM,, GD,,, GDlb) antibodies were measured by ELISA as previously described.24 Briefly, wells of ELISA plates were absorbed with 1 bg ganglioside (Sigma, St. Louis, MO; except GM,, Fidia, Abano Terme, Italy) or bovine serum albumin (BSA) (Sigma), saturated with BSA, and incubated with patients' serum diluted 1:80 (for GM,, GM,, GD,,, GDIb), or 1:320 (asialo-GM,), followed by peroxidase-conjugated goat a n t i -h u m a n IgM (Cappel; Durham, NCj. The color reaction was developed for 60 minutes a n d t h e absorbance measured at 490 nm. Readings from wells coated with BSA were subtracted from wells coated with glycolipids. When the difference exceeded 0.05, sera were titrated by serial twofold dilution until negative (difference below 0.05). The upper normal limits in our laboratory corresponded to the highest titers obtained from 20 normal subjects and 40 patients with IgM monoclonal gammopathy without neuropathy.
Treatment protocol. All patients were initially treated with IVIg (Sandoglobulin; Sandoz; Basel, Switzerland), 0.4 gkg, for 5 consecutive days. The same regimen was repeated in four patients (nos. 1, 2, 3, and 4) after 6 to 10 weeks and was followed by a 1-or Z-day infusion (0.4 glkgld) every 2 to 4 weeks according to the patient's response. No additional therapy was given to patients during the first 3 to 5 months. Afterward, oral cyclophosphamide (1.5 to 3 mgikgld) was added in two patients (nos. 1 and 2) in order to reduce the frequency of maintenance IVIg infusions.
Assessment of response. Clinical response was assessed using (1) the Medical Research Council (MRC) rating scalez5 for muscle strength; 10 muscles per limb (total 40) were examined while improvement was calculated in the 10 most affected muscles in upper and in lower limbs (total 20 muscles, maximal score = 100); (2) a modified Rankin disability scale17: 0 = asymptomatic; 1 = nondisabling symptoms not interfering with lifestyle; 2 = minor disability symptoms leading to some restriction of lifestyle but not interfering with patients' capacity to look after themselves; 3 = moderate disability symptoms significantly interfering with lifestyle or preventing totally independent existence; 4 = moderately severe disability symptoms preventing independent existence, although patients do not need constant attention day and night; 5 = severely disabled, totally dependent, requiring constant attention day and night; and ( 3 ) a functional impairment scale for both upper and lower limbs (UL/LL) (maximal score: 5 + 5 = 10): 0 = asymptomatic; 1 = ULlLL symptoms without functional impairment (walk normally); 2 = some minor difficulties in manual activities, which are still possible/abnormal walk but possible without support;
538 NEUROLOGY 43 March 1993 3 = unable to perform some manual activitiedwalk autonomously but with support; 4 = not capable of manual workheed help to walk; 5 = total paralysislconfined to wheelchair. Patients were examined before (day 0), during (days 1 through 51, and after (days 6, 10, and 30) each IVIg course, then monthly up to 6 months. Additional assessments were performed before and after maintenance infusions. Electrodiagnostic studies were performed on day 0 and day 10 of each IVIg course, and after 2 and 6 months of therapy. Serum Ig and antiglycolipid levels were measured on days 0, 6, and 10 of IVIg course, then monthly up to 6 months or, when performed, before and after each maintenance infusion. A thorough laboratory investigation was performed in all patients before and periodically during IVIg therapy to exclude the presence of concurrent diseases.
Results.
The clinical features of the five patients before treatment are summarized in table 1. All patients had asymmetric limb weakness, more prominent distally in three, with arms more affected than legs in three. Reflexes were reduced only in affected districts in three patients (nos. 1, 3, and 5) while two (nos. 2 and 4) had generalized areflexia. Cramps were prominent in four (nos. 2, 3 , 4 , and 51, fasciculations in three (nos. 1, 2, and 5). All but one patient (no. 4) had some degree of muscle wasting that was prominent, although localized to only one arm, in one patient (no. 1). Minor sensory symptoms consisting of limb paresthesias were reported by two patients (nos. 3 and 41, although only one (no. 4) had a slight sensory loss. Before IVIg therapy, all patients were ambulatory with a Rankin score between 2 and 4 (mean, 2.8).
The results of motor and sensory nerve conduction studies in the five patients before treatment are presented in table 2. All patients had motor CB in two or more nerves, most frequently in the upper limbs. Although some slowing of motor conduction velocities was observed in four patients, a marked reduction (<70% or 430% of the lower normal limit when the amplitude was ~8 0 % or >80%, respectively, of the lower normal limit)26 was only found in five of 34 nerves tested (the right ulnar and left median nerves of patient 2 and the right and left ulnar and right median nerves of patient 4) and usually corresponded t o a segment with marked CB. In these, as in the other nerves with CB, there was no abnormal temporal dispersion and CB, * Values above the upper normal limit are underlined.
-Negative a t the initial serum dilution of 11320 (asialo-GM,) or 1180 (all other gangliosides). ND Notdone.
when present, could be localized to a circumscribed area, usually 5 to 10 cm distal to the elbow. Sensory conduction studies were normal in all patients. CSF was examined in four patients before treatment. CSF proteins were slightly increased in two patients and normal in two, while cells were normal in all (table 3). Anti-asialo-GM, IgM levels were moderately increased in four patients, two of whom also had increased levels of anti-GM, IgM; no reactivity was detected in patient 4 (table 3 ) .
Sural nerve biopsyz7 was performed in two patients (nos. 2 and 4) before treatment, showing a normal or reduced density of myelinated fibers (5,870 and 2,737/mm2, respectively; normal range, 5,000 to 7,200) with normal teased-fiber studies. 28 In patient 3, both the sural nerve and a motor branch of the peroneal nerve were examined and showed a reduced density of myelinated fibers (3,038 and 2,675/mm2, respectively), with a n increased proportion of teased fibers with signs of axonal degeneration (condition E) (18% and 7%, respectively; normal, 0 to 5%) or of demyelination and remyelination (conditions C and D) (47% and 50%, respectively; normal, 2% to 24%) that in half the fibers was plurisegmental (more than 5 internodes). In none of the nerves were there inflammatory cell infiltrates, amyloid deposits, abnormal blood vessels, or deposits of immun~globulins.~~
Response to treatment. The clinical responses to IVIg therapy in the five patients with MMN are summarized in table 4. One patient (no. 5) progressively recovered to normal after the first course of IVIg therapy without relapse in 12 months. This patient first noted some improvement in limb strength on the third day of therapy and reached a normal strength in 5 months without additional therapy. In three patients (nos. 1, 2, and 31, an improvement of at least one grade in the Rankin and limb disability scores was observed starting 3 to 10 days after the first IVIg course but only last- ed 20 to 30 days. Retreatment after 6 to 10 weeks with the same regimen was followed by a similar improvement that was maintained, depending on the individual patient, with 2-day IVIg infusions (0.4 g/kg/d) every 2 to 4 weeks. I n two of these patients (nos. 1 and 2; figure 11 , the frequency of maintenance infusions was progressively reduced when oral cyclophosphamide (1.5 to 3 mg/kg/d) was given 3 to 5 months after starting IVIg. In one patient (no. 4), no improvement in the Rankin and limb impairment scores w a s observed a f t e r 6 months of IVIg therapy (three courses a t 2-month intervals, followed by 1-day infusion every 2 weeks up to 6 months) although the overall MRC score rose from 61 to eighty. The average improvement in the five patients after 6 months of therapy was 1.4 in the Rankin score (t = 2.746; p = 0.0516), 2.6 in the limb impairment score (t = 2.525; p = 0.0651, and 23 in the MRC score (t = 3.80; p = 0.019). None of the patients had relevant adverse reactions during or after IVIg infusions. Two patients experienced mild headache with moderate fever (less than 38 "C) and itching after the first infusion. These symptoms were subsequently controlled with chlorpheniramine maleate. Electrodiagnostic studies during IVIg therapy (figure 2) showed a complete resolution or a 20% or more reduction of CB in eight of 11 motor nerves 540 NEUROLOGY 43 March 1993 from the four patients improving with IVIg therapy, while no modification was found in the patient not responding to treatment. A close correlation between reduction of CB and IVIg therapy was particularly evident in the right peroneal and left ulnar nerves of patient 2, the right median and ulnar nerves of patient 3, and both ulnar nerves of patient 5. In the last patient, CB reappeared in the left ulnar nerve after 6 months without concomitant clinical worsening. The improvement of CB in the left median nerve of patient 1 was only evident a t 6 m o n t h s when h e w a s also t a k i n g oral cyclophosphamide. In only two nerves (left median of patient 1 and right peroneal of patient 2), the reduction of CB was due to a selective increase of the proximal CMAP amplitude, while in all other nerves a concomitant, although lesser, increase of the distal amplitude was also observed (figure 3). Motor conduction velocities were slightly modified by IVIg t h e r a p y i n p a t i e n t 1 b u t remained unchanged in the other patients.
A transient but inconstant twofold reduction of anti-asialo-GM, IgM titers was observed in two patients (nos. 1 and 2) after IVIg. This reduction became stable in one patient (no. 1) 2 months after starting cyclophosphamide. In patient 5, a twofold reduction of antibody levels was observed after the initial IVIg course a n d w a s still evident a t 6 months. In patient 3, some fluctuations in antibody levels were observed during therapy, as reflected by the varying absorbances obtained when all serum samples were concomitantly tested, but they did not achieve the difference of a twofold serum dilution.
Discussion. Four of our five patients with MMN improved a few days after starting IVIg therapy. Improvement was more evident in the recently affected limb districts, while there was only minor or no effect on stabilized deficits. In one patient, recovery was complete and maintained without additional treatment for 12 months, while in three, improvement was temporary but was reproduced by a second course of M g and was maintained by periodic M g infusions for 8 to 12 months. The associated use of oral cyclophosphamide in two of these patients permitted us to progressively reduce the frequency of maintenance infusions. Clinical improvement in our patients was associated with reduction or resolution of motor CB in some, but not all, nerves, while there was no modification of CB in the only patient that did not respond to M g therapy. Although the average improvement in the five patients after 6 months 542 NEUROLOGY 43 March 1993 of therapy was only statistically significant for the MRC score and not for the Rankin and limb impairment scores, the close temporal relationship between IVIg therapy and improvement in both disability scales in four patients who had no previous spontaneous remission makes it unlikely that improvement was coincidental.
The beneficial, although usually temporary, effect of IVIg in our patients was similar to that reported i n patients with CIDP15-20 and in other patients with MMN.29-32 The disease manifestations in our patients (as in other patients with MMNY' O differed from typical CIDP.26*33 All our patients had a n asymmetric weakness frequently associated with fasciculations a n d cramps, but only one patient had minor sensory impairment. The predominant electrodiagnostic feature was motor CB without widespread reduction of motor conduction v e l~c i t i e s ,~~ and no patient had abnormal sensory conduction studies. Although these findings are more consistent with a focal than a diffuse demyelinating process, the frequent increase in the amplitude of distal CMAP in patients responding to IVIg therapy may reflect a concomitant, although less intense, diffuse demyelinating process also affecting distal nerve segments.22 As in most reported patients with MMN,2,6x9 in none of our patients was there morphologic evidence of a primary demyelinating process. In most of these patients, a sensory nerve was examined; evidence of demyelination with onion bulbs was found in the only patient in whom a proximal motor ulnar nerve biopsy was performed.a Another distinguishing feature from CIDP was the lack of consistent increase of CSF proteins, as well as the frequent occurrence of anti-asialo-GM, or, less frequently, GM, antibodies, in our patients. Whether MMN is a variant of CIDP or a totally unrelated disease, however, is still a matter of debate. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] 23 The mechanism of action of IVIg therapy is not fully understood, but it is current opinion that it interferes with the immune system, possibly explaining the beneficial effect in a number of immune diseases. 34 The positive response to IVIg in our patients may therefore support the hypothesis that MMN is an immune-mediated disease, as also suggested by its frequent association with anti-ganglioside a n t i b o d i e~l -~ and by the concomitant improvement with decreasing anti-GM, levels in some patients.2J1 Although all our responding patients had increased levels of anti-asialo-GM, antibodies while no reactivity was present in the nonresponding patient, clinical improvement was not associated with a consistent decrease in antibody levels. It is therefore unlikely that IVIg therapy affected antibody synthesis o r affinity, although it may have altered their binding capability or accessibility to antigen in vivo. Whether these antibodies have a pathogenetic role in MMN or merely represent an epiphenomenon with, possibly, a predictive value for response to therapy remains unclear.
The most important limiting factors for IVIg therapy are the elevated cost and transient effect, which make its continuous use very expensive for chronic diseases. This was partly overcome in our patients by the addition of low doses of oral cyclophosphamide that permitted reduction of the frequency of IVIg infusion. IVIg can be useful, therefore, in inducing a rapid response before low and possibly well-tolerated dosages of oral cytotoxic agents become effective. A controlled study on a larger group of patients is necessary to confirm these results.
Low-dose apomorphine challenge in tardive akathisia
Perminder Sachdev, MD, PhD, FRANZCP, and Celia Loneragan, MA Article abstracGWe challenged seven tardive akathisia patients with low-dose apomorphine (0.01 mg/kg) SC and placebo in a double-blind, random design. Apomorphine caused a significantly greater reduction in the objective (movement) but not the subjective (distress) component of akathisia. NEUROLOGY 1993;43:544-547
Tardive akathisia (TA) is a common disorder in patients chronically medicated with neuroleptics,l but its pathophysiology is poorly understood and its treatment unsatisfactory.2 It differs from tardive dyskinesia (TD) in t h a t the patient reports a n abnormal subjective state in the form of feelings of distress and an aversion to remaining still. Unlike the choreoathetoid (typically oral-lingual-buccalfacial [OLBFI) movements of TD, the abnormal movements of TA are complex and stereotyped, and are particularly referable to the legs, giving the impression of restlessness with an inability to maintain posture for prolonged periods. There is some evidence pointing to the role of dopaminergic mechanisms in its pathophysiology: TA is described almost exclusively in patients treated with dopamine (DA)-antagonist drugs2; most studies of TA have reported a strong overlap with TD, for which DA supersensitivity is still one of the major etiologic hypotheses3; and catecholamine-depleting drugs (eg, reserpine, tetrabenazine) may be beneficial in a number of patients.2 If DA overactivity is indeed involved in the causation of TA, drugs that reduce DA transmission should have a n ameliorating effect. One such drug is apomorphine at low dose. Apomorphine-HC1 (APO) is a partial DA agonist that is presumed to have a biphasic effect on DA receptors: in large doses, it stimulates postsynaptic excitatory DA receptors, while small doses act preferentially on autoreceptors with resultant reduc-
